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(54) Constant force mechanisms for regulating restriction devices 



(57) Devices are provided for regulating a restriction 
system. In one exemplary embodiment, a restriction sys- 
tem (1 0) is provided having a restriction device (20) cou- 
pled to a port (70) with a fluid disposed therein, such that 
the restriction device is adapted to form a restriction in a 
pathway corresponding to an amount of fluid contained 



therein, and a pressure adjustment unit (30) in commu- 
nication with the port (70) and effective to maintain a sub- 
stantially constant equilibrium pressure between the 
pressure adjustment unit and the restriction device. The 
pressure adjustment unit is configured to regulate an 
amount of fluid in the restriction device in response to a 
fluid pressure acting thereon. 
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Description 

FIELD 

[0001] The present invention relates to methods and 
devices forforming a restriction in a pathway, and in par- 
ticular to constant force mechanisms and methods for 
controlling fluid pressure in a restriction system. 

BACKGROUND 

[0002] Obesity is becoming a growing concern, partic- 
ularly in the United States, as the numberof obese people 
continues to increase, and more is learned about the neg- 
ative health effects of obesity. Morbid obesity, in which 
a person is 1 00 pounds or more over ideal body weight, 
in particular poses significant risks forsevere health prob- 
lems. Accordingly, a great deal of attention is being fo- 
cused on treating obese patients. One method of treating 
morbid obesity has been to place a restriction device, 
such as an elongated band, about the upper portion of 
the stomach. Gastric bands have typically comprised a 
fluid-filled elastomeric balloon with fixed endpoints that 
encircles the stomach just inferiorto the esophageal-gas- 
tric junction to form a small gastric pouch above the band 
and a reduced stoma opening in the stomach. When fluid 
is infused into the balloon, the band expands against the 
stomach creating a food intake restriction or stoma in the 
stomach. To decrease this restriction, fluid is removed 
from the band. The effect of the band is to reduce the 
available stomach volume and thus the amount of food 
that can be consumed before becoming "full." 
[0003] With each of the above-described food restric- 
tion devices, safe, effective treatment requires that the 
device be regularly monitored and adjusted to vary the 
degree of restriction applied to the stomach. With band- 
ing devices, the gastric pouch above the band will sub- 
stantially increase in size followingthe initial implantation. 
Accordingly, the stoma opening in the stomach must in- 
itially be made large enough to enable the patient to re- 
ceive adequate nutrition while the stomach adapts to the 
banding device. As the gastric pouch increases in size, 
the band may be adjusted to vary the stoma size. In ad- 
dition, it is desirable to vary the stoma size in order to 
accommodate changes in the patient's body ortreatment 
regime, orin a more urgent case, to relieve an obstruction 
or severe esophageal dilatation. Traditionally, adjusting 
a hydraulic gastric band requires a scheduled clinician 
visit during which a hypodermic needle and syringe are 
used to permeate the patient's skin and add or remove 
fluid from the balloon. More recently, implantable pumps 
have been developed which enable non-invasive adjust- 
ments of the band. An external programmer communi- 
cates with the implanted pump using telemetry to control 
the pump. During a scheduled visit, a physician places 
a hand-held portion of the programmer near the gastric 
implant and transmits power and command signals to 
the implant. The implant in turn adjusts the fluid levels in 



the band and transmits a response command to the pro- 
grammer. 

[0004] While such techniques are successful in adjust- 
ingthe band pressure, there remains a need for improved 
5 techniques. Conventional hydraulic gastric banding de- 
vices exert a continuous restricting force on the stomach 
to reduce the size of the upper stomach and to restrict 
the passage of food from the upper to the lower stomach. 
However, side effects and complications of conventional 
gastric banding devices include erosion of the exterior 
stomach tissue resulting from the constant pressure of 
the band on the exterior stomach. In addition, hydraulic 
bands do not offer stable banding overtime. Liquid within 
the bands diffuses slowly through the elastomer. Hydrau- 
lic bands therefore cannot guarantee the optimal config- 
uration of the band over time. Multiple adjustments to 
maintain the optimal configuration of the band are re- 
quired, increasing the cost and the number of medical 
visits. Also, adjustment of the band requires puncture of 
the patient's skin, resulting in discomfort for the patient 
and an increased risk of infection. 
[0005] Accordingly, there remains a need for methods 
and devices for regulating a hydraulic restriction system. 



[0006] Methods and systems are generally provided 
for automatically regulating a restriction in a pathway. In 
one embodiment, a self-regulating restriction system is 

30 provided and includes a restriction device forforming a 
restriction in a pathway, and a pressure adjustment unit 
in communication with the restriction device and effective 
to maintain a substantially constant equilibrium pressure 
between the restriction device and the pressure adjust- 

35 ment unit by regulating an amount of fluid in the restriction 
device. The restriction device can include a fluid bladder 
capable of forming a restriction in a pathway. In an ex- 
emplary embodiment, an amount of restriction corre- 
sponds to an amount of fluid contained in the fluid blad- 

40 der. 

[0007] The pressure adjustment unit can be designed 
in a variety of ways, but in one exemplary embodiment 
the unit includes a constant force mechanism coupled to 
a fluid communication chamber that is in fluid communi- 

45 cation with a restriction device. In one embodiment, the 
constant force mechanism is a nitinol spring. In another 
embodiment, the constant force mechanism can include 
a spring in contact with a cam surface. The spring can 
also include a cantilever beam and the restriction system 

50 can include a set-point adjustment mechanism that can 
include an adjustable block movably disposed along the 
cantilever beam to adjust an effective length of the can- 
tilever beam. Adjusting an effective length of the canti- 
lever beam allows a substantially constant pressure of 

55 the pressure adjustment unit to be adjusted. 

[0008] In another embodiment, the constant force 
mechanism can include a constant force spring disposed 
in a chamber and coupled to a piston. A set-point adjust- 
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ment mechanism can also be included, and in one em- 
bodiment can include an adjustable bladder coupled to 
the piston and configured to adjust the substantially con- 
stant pressure of the pressure adjustment unit by adjust- 
ing an amount of friction generated between the adjust- 
able bladder and the chamber. In yet another embodi- 
ment the constant force mechanism can be a compres- 
sion coil spring and the fluid communication chamber 
can be an expandable fluid bladder that is coupled to the 
compression coil spring. A set-point adjustment mecha- 
nism can also be included, and in one such embodiment 
can include an expandable bellows coupled to the com- 
pression coil spring and configured to adjust the substan- 
tially constant pressure by adjusting a length of the com- 
pression coil spring. Another embodiment of a constant 
force mechanism can include a chamber containing a 
saturated fluid therein and configured to maintain the 
substantially constant pressure, independent of a volume 
of the chamber. A set-point adjustment mechanism can 
also be included, and in one such embodiment can be 
configured to adjust the substantially constant pressure 
by changing a composition of the saturated fluid. In still 
another embodiment the constant force mechanism can 
include a chamber under vacuum force. 
A set-point adjustment mechanism can also be included, 
and in one such embodiment can be configured to adjust 
a s ubsta nti al ly co nstant pressu re bychanginga press u re 
acting on the chamber under vacuum force. 
[0009] In other aspects, the constantforce mechanism 
can include an osmotic pump that is effective to maintain 
the substantially constant pressure. The osmotic pump 
can include an actuation chamber having an osmotic fluid 
disposed therein and in fluid communication with the re- 
striction device and a semi-permeable membrane that 
separates the actuation chamber from a fluid chamber, 
such as the human body or a fluid-filled housing. In an- 
other embodiment, the osmotic pump can include a fluid 
chamber having fluid disposed therein, an actuation 
chamber having a piston disposed therein, and a semi- 
permeable membrane that separates the fluid chamber 
from the actuator chamber. In other aspects, osmotic 
pump can include a biodegradable plug covering at least 
a portion of a semi-permeable membrane and configured 
to disintegrate over a desired period of time. 
[0010] In another aspect the restriction system can in- 
clude a set-point adjustment mechanism that is config- 
ured to adjust the substantially constant pressure of the 
pressure adjustment unit. In one exemplary embodiment, 
the set-point adjustment mechanism can be a constant 
pressure spring disposed around an expandable bladder 
that is inflatable to adjust the substantially constant pres- 
sure. In another exemplary embodiment, the set-point 
adjustment mechanism can be a lever configured to ap- 
ply a force to the pressure adjustment unit, and an ad- 
justable fulcrum coupled to the lever and movable along 
the leverto adjust the force applied by the lever and there- 
by adjust the substantially constant pressure. 
[001 1] Another embodiment of a system for automat- 



ically adjusting a restriction device is also provided and 
generally includes a fluid reservoir, a restriction device 
in fluid communication with the fluid reservoir and con- 
figured to form a restriction in a pathway that corresponds 
5 to an amount of fluid contained within the restriction de- 
vice, and a co nstant force mechanism coupled to the fluid 
reservoir and configured to apply a substantially constant 
force to the fluid reservoir to maintain a substantially con- 
stant pressure in the restriction device. The constant 
10 force mechanism can have a variety of configurations. 
For example, the constant force mechanism can be a 
constantforce spring disposed in a chamber and coupled 
to a piston. In an exemplary embodiment, the gastric re- 
striction device includes afluid bladderforcontainingfluid 
15 therein. The system can also include a set-point adjust- 
ment unit coupled to the constant force mechanism and 
adapted to change the substantially constant force ap- 
plied by the constant force mechanism. For example, the 
set-point adjustment unit can be an expandable bladder. 
20 [001 2] Methods for maintaining a restriction in a path- 
way are also provided. In one exemplary embodiment, a 
restriction device is implanted in a patient to form a re- 
striction in a pathway such that the restriction in the path- 
way corresponds to an amount of fluid contained within 
25 the restriction device. The restriction device can be cou- 
pled to a pressure adjustment unit that applies a sub- 
stantially constant force to fluid in the restriction device 
to maintain a substantially constant pressure applied by 
the restriction device to the pathway. The method can 
30 further include adjusting the substantially constant force 
of the pressure adjustment unit using a set point adjust- 
ment mechanism. In one embodiment, a flow of fluid into 
the restriction device can increase an amount of restric- 
tion applied by the restriction device to the pathway. Pref- 
35 erably, the restriction device is implanted to form a re- 
striction in a patient's stomach. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0013] The invention will be more fully understood from 
the following detailed description taken in conjunction 
with the accompanying drawings, in which: 
[001 4] FIG. 1 A is a schematic diagram illustrating one 
exemplary embodiment of a restriction system having a 
45 pressure adjustment unitforcontrollingfluidflowthrough 
the system; 

[0015] FIG. 1 B is a schematic diagram illustrating an- 
other embodiment of a restriction system having a pres- 
sure adjustment unit for controlling fluid flow through the 
50 system; 

[001 6] FIG. 1 C is an illustration of the gastric restriction 
system of FIG. 1A implanted to form a restriction in a 
patient's stomach; 

[0017] FIG. 1D is a perspective view of a gastric re- 
55 striction device and port of the gastric restriction system 
of FIG. 1A; 

[0018] FIG. 2A is a perspective, partially transparent 
view of one exemplary embodiment of a pressure adjust- 
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ment unit having a constant force mechanism that in- 
cludes a nitinol spring coupled to an expandable bellows; 
[0019] FIG. 2B is across-sectional view of the pressure 
adjustment unit of FIG. 2A; 

[0020] FIG. 2C is a graph illustrating the force as a 
function of length for a nitinol spring; 
[0021] FIG. 3A is a perspective view of another em- 
bodiment of a pressure adjustment unit having a constant 
force mechanism that includes screw drive having a nut 
disposed therearound and coupled to a torsion spring; 
[0022] FIG. 3B is across-sectional view of the pressure 
adjustment unit of FIG. 3A taken across line B-B; 
[0023] FIG. 3C is another cross-sectional view of the 
pressure adjustment unit of FIG. 3A taken across line C- 
C; 

[0024] FIG. 4A is a cross-sectional view of yet another 
embodiment of a pressure adjustment unit having a con- 
stant force mechanism that includes a constant force 
spring in contact with a cam surface; 
[0025] FIG. 4B is a cross-sectional view of one em- 
bodiment of a restriction system that includes a pressure 
adjustment unit having the constant force mechanism of 
FIG. 4A incorporated therein, showing the constant force 
mechanism in a first position; 

[0026] FIG. 4C is a cross-sectional view of the restric- 
tion system of FIG. 4B, showing the constantforce mech- 
anism in a second position; 

[0027] FIG. 4D is a perspective view of another em- 
bodiment of a constant force mechanism having a con- 
stant force spring in contact with a cam surface; 
[0028] FIG. 4E is a side, partially transparent view of 
yet another embodiment of a constant force mechanism 
having a constant force spring in contact with a cam sur- 
face, showing the constant force mechanism in a first 
position; 

[0029] FIG. 4F is a side, partially transparent view of 
the constant force mechanism of FIG. 4E shown in a 
second position; 

[0030] FIG. 5 is a cross-sectional view of another em- 
bodiment of a pressure adjustment unit having a constant 
force mechanism that includes a constant force spring 
coupled to a piston; 

[0031] FIG. 6 is a cross-sectional view of yet another 
embodiment of a pressure adjustment unit having a con- 
stant force mechanism that includes a compression coil 
spring coupled to an expandable fluid bladder; 
[0032] FIG. 7A is a cross-sectional view of a pressure 
adjustment unit having a constantforce mechanism with 
a saturated fluid disposed in a chamber according to an- 
other embodiment; 

[0033] FIG. 7B is a cross-sectional view of yet another 
embodiment of a pressure adjustment unit having a con- 
stant force mechanism with a saturated fluid disposed in 
a chamber; 

[0034] FIG. 8 is a cross-sectional view of another em- 
bodiment of a pressure adjustment unit having a constant 
force mechanism with a chamber under a vacuum force; 
[0035] FIG. 9A is a perspective, partially transparent 



view of another embodiment of a pressure adjustment 
unit having a constant force mechanism that includes an 
osmotic pump; 

[0036] FIG. 9B is a perspective, partially transparent 
5 view of another embodiment of an osmotic pump for use 
with a constant force mechanism of a pressure adjust- 
ment unit in a restriction system; 

[0037] FIG. 9C is a cross-sectional view of yet another 
embodiment of an osmotic pump for use in a constant 
10 force mechanism of a pressure adjustment unit in a re- 
striction system; 

[0038] FIG. 9D is a perspective view of that osmotic 
pump of FIG. 9C coupled to a restriction system; and 
[0039] FIG. 1 0 is a schematic diagram illustrating one 
15 exemplary embodiment of a set-point adjustment mech- 
anism. 

DETAILED DESCRIPTION 

20 [0040] Certain exemplary embodiments will now be 
described to provide an overall understanding of the prin- 
ciples of the structure, function, manufacture, and use of 
the devices and methods disclosed herein. One or more 
examples of these embodiments are illustrated in the ac- 

25 companying drawings. Those of ordinary skill in the art 
will understand that the devices and methods specifically 
described herein and illustrated in the accompanying 
drawings are non-limiting exemplary embodiments and 
that the scope of the present invention is defined solely 

30 by the claims. The features illustrated or described in 
connection with one exemplary embodiment may be 
combined with the features of other embodiments. Such 
modifications and variations are intended to be included 
within the scope of the present invention. 

35 [0041 ] The present invention generally provides meth- 
ods and devices for regulating a restriction system. In 
general, the methods and devices utilize a substantially 
constant force mechanism to maintain a substantially 
constant pressure of fluid in a fluid-based restriction de- 

40 vice that is implanted to form a restriction in a pathway. 
With such fluid-based restriction devices, an amount of 
fluid in the device can correspond to an amount of re- 
striction applied to the pathway. Thus, as changes occur, 
for example due to weight loss by the patient, the forces 

45 acting on the restriction device (i.e., the tissue in contact 
with the device) will change. As a result, the pressure in 
the restriction device will vary, thus affecting the amount 
of restriction applied to the pathway. In order to maintain 
the effectiveness of the restriction device it is desirable 

50 to maintain a substantially constant equilibrium pressure 
in the device as changes occur. In an exemplary embod- 
iment, the pressure is maintained mechanically and non- 
electrically, thus eliminating the need for any electrical 
components that may need to be powered to operate 

55 over extended periods of time power to operate the de- 
vice. Further, it can maintain a restriction in a pathway 
without the need to detect, sense, or read a particular 
parameter because the pressure adjustment unit is me- 
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chanically operable to apply a substantially constant 
force to the fluid contained therein in response to pres- 
sure changes to achieve a substantially constant pres- 
sure. 

[0042] While the various methods and devices dis- 
closed herein can be used in any restriction system, by 
way of non-limiting example FIG. 1 A illustrates one em- 
bodiment of a restriction system 1 0 having a restriction 
device 20 configured to receive fluid to form a restriction 
in a pathway corresponding to an amount of fluid con- 
tained therein. The system 10 also includes a pressure 
adjustment unit 30 that is in communication with the re- 
striction device 20 for maintaining a substantially con- 
stant pressure of fluid in the restriction device 20. As fur- 
ther shown in FIG. 1 A, the system 1 0 can also optionally 
include an injection port 70 for receiving fluid. The injec- 
tion port 70 can be in fluid communication with the re- 
striction device 20 and/or the pressure adjustment unit 
30 for adding fluid to the restriction device 20 and/or for 
adjusting the substantially constant force of the pressure 
adjustment unit. Various techniques for allowing fluid 
communication between the restriction device 20, the 
pressure adjustment unit 30, and/or the port 70 can be 
used. I n the illustrated embodiment, the restriction device 
20, the pressure adjustment unit 30, and the port 70 are 
in-line with one anotherand are all coupled to one another 
by a catheter 90 extending therebetween. In another em- 
bodiment, the system can have a Y- or T-shaped config- 
uration. For example, FIG. 1B illustrates a catheter 90' 
having a Y-shaped connector 91 ' with a first branch por- 
tion 90a' extending from one end thereof and coupled to 
the restriction device 20', and second and third branch 
portions 90b', 90c' extending from the other end thereof 
and coupled to the port 70' and the pressure adjustment 
unit 30', respectively. Such a configuration can allow eas- 
ier access to fill and/or adjust the port 70' and/or the pres- 
sure adjustment unit 30'. A person skilled in the art will 
appreciate that the particular arrangement of compo- 
nents can vary. Further, the restriction system 10, 10' 
can also optionally include a set point mechanism 80, 80' 
that is configured to adjust the substantially constant 
force of the pressure adjustment unit 30, 30'. A person 
skilled in the art will appreciate that the system can have 
a variety of other configurations and can include various 
other components. For example, although the illustrated 
embodiments show a port being separate but in commu- 
nication with the pressure adjustment unit, in other em- 
bodiments the port and pressure adjustment unit can be 
located in the same chamber or the port can be part of 
the pressure adjustment unit. The system can also op- 
tionally include sensors or other components for meas- 
uring various parameters. 

[0043] FIG. 1C illustrates the restriction system 10 of 
FIG. 1 A implanted to form a restriction in a patient's stom- 
ach 100. In the illustrated embodiment the restriction de- 
vice 20 is a gastric restriction band that is positioned 
aroundthe upperportion of a patient's stomach 100, how- 
ever the present invention can be used with virtually any 



restriction device. The illustrated restriction device 20 is 
shown in more detail in FIG. 1D, and as shown the re- 
striction device 20 has a generally elongate shape with 
a support structure 22 having first and second opposite 

5 ends 20a, 20b that can be secured to each other. Various 
mating techniques can be used to secure the ends 20a, 
20b to one another. In the illustrated embodiment, the 
ends 20a, 20b are intheform of straps that matetogether, 
with one laying on top of the other. The gastric band 20 

10 can also include a variable volume member, such as an 
inflatable balloon 24, that is disposed or formed on one 
side of the support structure 22, and that is configured 
to be positioned adjacent to tissue. The balloon 24 can 
contain a variable amount of fluid that causes the balloon 

15 24 to expand or contract against the outer wall of the 
stomach to form an adjustable stoma for controllably re- 
stricting food intake into the stomach. In use, the gastric 
restriction device 20 can be applied about the gastro- 
esophageal junction of a patient. As shown in FIG. 1C, 

20 the restriction device 20 at least substantially encloses 
the upper portion of the stomach 100 near the junction 
with the esophagus. After the restriction device 20 is im- 
planted, preferably in the deflated configuration wherein 
the restriction device 20 contains little or no fluid, the 

25 restriction device 20 can be inflated, e.g., using saline, 
to decrease the size of the stoma opening. A person 
skilled in the art will appreciate that various techniques, 
including those disclosed herein, can be used to initially 
inflate and/or adjust the restriction device 20. 

30 [0044] A person skilled in the art will appreciate that 
the gastric band can have a variety of other configura- 
tions, moreover the various methods and devices dis- 
closed herein have equally applicability to other types of 
restriction devices. For example, bands are used for the 

35 treatment of fecal incontinence, as described in U.S. Pat. 
No. 6,461,292 which is hereby incorporated herein by 
reference in its entirety. Bands can also be used to treat 
urinary incontinence, as described in U.S. Patent Appli- 
cation No. 2003/0105385 which is hereby incorporated 

40 herein by reference in its entirety. Bands can also be 
used to treat heartburn and/or acid reflux, as disclosed 
in U.S. Pat. No. 6,470,892 which is hereby incorporated 
herein by reference in its entirety. Bands can also be 
used to treat impotence, as described in U.S. Patent Ap- 

45 plication No. 2003/01 1 4729 which is hereby incorporated 
herein by reference in its entirety. 
[0045] As further shown in FIG. 1C, the pressure ad- 
justment unit 30, as well as any port 70 or set-point ad- 
justment mechanism 80 coupled thereto, can also be im- 

50 planted in the patient. The particular location can vary as 
desired by the surgeon. Once implanted, the pressure 
adjustment unit 30 is configured to apply a substantially 
constant force to a fluid communication chamber that is 
in fluid communication with the restriction device. Al- 

55 though ideally the substantially constant force is always 
constant, in application constant force mechanisms at- 
tempt to achieve a constant force but are not always one 
hundred percent effective at maintaining that force one 
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hundred percent of thetime. Accordingly, aperson skilled 
in the art will appreciate that the terms "constant force," 
"constant pressure," and "constant equilibrium" as used 
herein are intended to mean a substantially constant 
force, pressure, and equilibrium, and that minor varia- 
tions will occur. In an exemplary embodiment, it is pref- 
erable that the substantially constant force remains within 
ten percent of the intended force. The substantially con- 
stant force that is supplied can be based on a pre-set 
pressure, which is a desired substantially constant pres- 
sure to be maintained in the restriction device 20 by the 
pressure adjustment unit 30 (thereby maintaining a sub- 
stantially constant equilibrium between the restriction de- 
vice 20 and the pressure adjustment unit 30). The pre- 
set pressure can be set prior to implantation, and pref- 
erably it is set on a patient-by-patient basis. A variety of 
different constant force mechanisms can be incorporated 
into the pressure adjustment unit 30 to supply the sub- 
stantially constant force. In use, when a pressure of fluid 
in the restriction device 20 decreases (for example, due 
to patient weight loss) or increases (for example, due to 
patient weight gain) to a pressure that is less than or 
greater than the pre-set pressure controlled by the pres- 
sure adjustment unit 30, in response the pressure ad- 
justment unit 30 will increase or decrease an amount of 
fluid in the restriction device 20 until the pressure of fluid 
in the restriction device 20 is equal to the pre-set pres- 
sure. More particularly, in an instance where a size of an 
area being restricted, such as a stoma of a stomach 1 00, 
decreases due to actions like weight loss, the pressure 
in the restriction device 20 will decrease and thus the 
pressure in the restriction device 20 needs to be in- 
creased to maintain enough pressure around the newly 
sized stoma. Because the pressure adjustment unit 30 
is configured to supply a substantially constant force to 
a fluid communication chamber in fluid communication 
with the restriction device 20, when the pressure in the 
restriction device 20 drops below the pre-set pressure 
(as defined by the substantially constant force), the pres- 
sure adjustment unit 30 in response will cause fluid to 
flow from the fluid communication chamber into the re- 
striction device 20 until the pressure of fluid in the restric- 
tion device 20 returns to the pre-set pressure. In other 
words, the pressure adjustment unit 30 is continuously 
attempting to achieve an equilibrium between the con- 
tinuously varying forces acting on the pressure adjust- 
ment unit 30 by the fluid in the system (i.e., the fluid in 
the fluid communication chamber and the restriction de- 
vice) and the substantially constant force applied to the 
fluid in the system by the constant force mechanism. The 
system 1 0 can thus control an amount of fluid added into 
and/or removed from the restriction device 20, thereby 
controlling an amount of restriction that is formed by the 
restriction device 20. More particularly, as fluid is added 
to the restriction device 20, the amount of the restriction 
increases, and likewise, as fluid is removed from the re- 
striction device 20, the amount of the restriction decreas- 
es. A person skilled in the art will appreciate that the 



pressure adjustment unit 30 requires the use of no out- 
side energy or forces to adjust a size of a restriction in a 
restriction device 20. Further, a person skilled in the art 
will appreciate that compensation for pressure changes 
5 in the restriction device 20 can be in real time and imme- 
diate. 

[0046] Alternatively, the pressure adjustment unit 30 
can be configured such that the pressure adjustment unit 
30 will cause fluid to flow into the restriction device 20 
10 only when a pressure of fluid in the restriction device 20 
is less than the pre-set pressure. When a pressure of 
fluid in the restriction device 20 is greater than the pre- 
set pressure, the pressure adjustment unit 30 can take 
no action. This can be advantageous to allow for small 
15 variations in the pressure in the restriction device 20, for 
example while the patient is eating, without continuously 
altering the fluid pressure in the restriction device 20. An 
additional benefit associated with this approach is that 
some patients may never actually require fluid removal 
20 from the restriction device, and instead require only in- 
cremental fluid transfer into the restriction device. 
[0047] One exemplary embodiment of a pressure ad- 
justment unit 130 is illustrated in FIGS. 2A and 2B. As 
shown, the pressure adjustment unit 130 generally in- 
25 eludes a housing 132 having proximal 132p and distal 
ends 132d with an access port 134 formed in the distal 
end 132d thereof. A constant force mechanism and a 
fluid communication chamber are formed and/or dis- 
posed within the housing 132. In this embodiment, the 
30 fluid communication chamber is in the form of a bellows 
1 36, and the constant force mechanism is in the form of 
a nitinol spring 140 that applies a constant force to a 
transfer mechanism, such as a piston 138, that acts on 
fluid in the bellows 136. The bellows 136 is disposed in 
35 the distal end 1 32d of the housing 1 32 and it can include 
an open distal end that is in fluid communication with the 
access port 134, which can be coupled to a restriction 
device. A proximal end of the bellows 136 can be coupled 
to the piston 1 38, which is located proximal to the bellows 
40 1 36 within the housing 1 32. The piston 1 38 can be slid- 
able in the housing 132 and configured to act on a prox- 
imal end of the bellows 136 to push fluid from inside the 
bellows 136 out through the access port 134. The con- 
stant force mechanism, as shown the nitinol spring 140, 
45 can be located proximal to the piston 1 38 and it can con- 
figured to apply a substantially constant force to the pis- 
ton 138. The nitinol spring 140 is effective to provide a 
substantially constant force because of the properties of 
nitinol. In particular, as illustrated in FIG. 2C, nitinol 
50 springs typically include a constant stress zone such that 
as a length of the spring changes, the force applied by 
the spring remains constant, until a particular length is 
reached at either end of the stress zone, at which point 
the force of the spring again changes. Thus, the nitinol 
55 spring 140 can be capable of distending a significant 
amount while still applying approximately the same force 
to the piston 138. 

[0048] Although FIGS. 2A and 2B shows the bellows 
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1 36, piston 1 38, and nitinol spring 1 40 as separate com- 
ponents, in other embodiments these components can 
be selectively combined or removed provided that the 
pressure adjustment unit 130 is still configured to main- 
tain a substantially constant pressure in the restriction 
device. By way of non-limiting example, the piston 138 
can be eliminated and the constant force mechanism can 
act directly on the bellows 1 36. Further, the nitinol spring 
140 can be incorporated into the bellows 136 to form a 
single component operable to provide a substantially 
constant force. Additionally, a person skilled in the art 
will appreciate that other similar components can be sub- 
stituted for some of the illustrated components. For ex- 
ample, the bellows 136 can be replaced by other com- 
ponents that are expandable and/or retractable and can 
be in fluid communication with the access port 134. Ad- 
ditionally, other constant force mechanisms, some of 
which are described herein, can be substituted for the 
nitinol spring 140 and adapted for use in the pressure 
adjustment unit 130. 

[0049] In use, the nitinol spring 140 defines the pre- 
set pressure, which is a desired substantially constant 
pressure to be maintained in the restriction device by the 
pressure adjustment unit 130. When the pressure of the 
fluid in the restriction device drops belowthe pre-set pres- 
sure, the nitinol spring 140 expands to push the piston 
1 38 dista I ly toward the bellows 1 36 because the substan- 
tially constant force supplied by the nitinol spring 140 
exceeds the decreased pressure of the fluid in the re- 
striction device. Actuation of the piston 138 distally will 
cause the bellows 136 to be pushed distally, forcing fluid 
in the bellows 136 to exit through the access port 134 
and to be delivered to the restriction device to raise the 
pressure of the fluid disposed therein. Conversely, when 
the pressure of the fluid in the restriction device rises 
above the pre-set pressure, fluid can flow from the re- 
striction device, through the access port 134, and into 
the bellows 136. Flow of the fluid into the bellows 136 
can cause the bellows 136 to expand or be displaced in 
the proximal direction, which in turn can move the piston 
138 in the proximal direction to cause the nitinol spring 
140 to contract. When the pressure of the fluid in the 
restriction device reaches the pre-set pressure, an equi- 
librium state of the pressure adjustment unit 130 is 
achieved and no fluid flows between the bellows 1 36 and 
the restriction device. In other words, when the force ap- 
plied to the spring 1 40 by the bellows 1 36 (which corre- 
sponds to the pressure of fluid in the restriction device) 
is equal to the counter-force applied to the bellows 136 
by the spring 140, the spring 138 and the bellows 136 
will stop moving as the forces are equal. Any further 
changes to the pressure in the restriction device will result 
in a misbalance of the forces, causing further movement 
of the spring 140 and piston 138 to expand or contact 
the bellows 138 until an equilibrium is once again 
reached. A person skilled in the art will appreciate that 
contracting the nitinol spring 140 does not change the 
substantially constant force applied by the nitinol spring 



140 to the piston 138, at least for a certain length, as 
discussed above. A person skilled in the art will also ap- 
preciate that while various embodiments herein are de- 
scribed as having no fluid flow, the fluid can remain in 

5 communication with the restriction device and the fluid 
communication chamber, e.g., the bellows 136 in the il- 
lustrated embodiment. The fluid remains in communica- 
tion to allow the constant force mechanism to respond 
to changes in pressure, however when an equilibrium is 

10 reached the fluid simply remains stagnant and additional 
force is not applied to the fluid to cause movement 
through the system, at least until an imbalance of forces 
occurs. FIGS. 2A-2B also illustrate a mechanism for ad- 
justing the pre-set pressure, which will be discussed in 

15 more detail below. 

[0050] Another embodiment of a pressure adjustment 
unit 230 is illustrated in FIGS. 3A-3C. In general, the pres- 
sure adjustment unit 230 includes a housing 232 having 
proximal and distal ends 232p, 232d with an access port 

20 234 formed in the distal end 232d thereof and a constant 
force mechanism 240 disposed therein. As illustrated, 
the housing 232includes a fluid communication chamber 
or reservoir 242 formed a distal portion thereof and in 
fluid communication with a restriction device via the port 

25 234. The constantforce mechanism 240 includes a screw 
244that extends axial ly through the housing 232 andthat 
includes a piston 245 coupled to a distal end thereof and 
configured to apply a force to the reservoir 242. The 
screw 244 has an inclined plane 246, such as a thread, 

30 formed therearound, and a nut 248 is threadably dis- 
posed around a mid or proximal portion of the screw 244. 
The nut 248 is rotatable within the housing 232, but is 
fixed axial ly. A torsion spring 250 is disposed around and 
coupled to the nut 248 such that the torsion spring 250 

35 is configured to apply a force that rotates the nut 248 in 
a desired direction, thereby causing the screw 244 to 
move axially within the housing 232. Movement of the 
screw 244 axially within the housing 232 is effective to 
move the piston 245 axially within the housing 232, there- 
to by increasing or decreasing a force applied to the fluid 
in the fluid reservoir 242. In a preferred embodiment, the 
torsion spring 250 is configured to apply a substantially 
constant force that turns the nut 248 in a clockwise di- 
rection which thereby applies a distal ly-directed force to 

45 the inclined plane 246. 

[0051] In use, the torsion spring 250 defines the pre- 
set pressure. When the pressure of the fluid in the re- 
striction device drops belowthe pre-set pressure, the tor- 
sion spring 250 causes the nut 248 to rotate in the clock- 

50 wise direction, which in turn moves the screw 244 and 
piston 245 distally. Distal movement of the piston 245 
pushes against the reservoir 242, thereby pushing the 
fluid out of the reservoir 242, through the access port 
234, and into the restriction device to raise the pressure 

55 of the fluid disposed therein. When the pressure of the 
fluid in the restriction device reaches the pre-set pres- 
sure, an equilibrium state is achieved and nofurther pres- 
sure is applied to the fluid in the reservoir 242 and the 
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restriction device. Conversely, when the pressure of the 
fluid in the restriction device rises above the pre-set pres- 
sure, fluid can flow from the restriction device, through 
the access port 234, and into the reservoir 242. Flow of 
the fluid into the reservoir 242 can cause the piston 246 
to move in the proximal direction, which in turn can move 
the screw 244 proximally causing the nut 248 to rotate 
in an opposite direction, releasing tension applied to the 
torsion spring 250 by the nut. The piston 245 and screw 
244 will continue to move proximally until the force ap- 
plied to the piston 245 and screw 244 by the pressure of 
fluid in the restriction device is equal to the force applied 
to the screw 244 and piston 245 by the torsion spring 250 
acting on the nut 248. Accordingly, the constant force 
mechanism 240 will continuously respond to changes in 
pressure in the fluid reservoir 242 (which corresponds to 
changes in pressure in the restriction device in fluid com- 
munication therewith) to thereby maintain the pre-set 
pressure. FIG. 3A further illustrates a port 270 that is 
coupled to the pressure adjustment unit 230 for adjusting 
the substantially constant force of the constant force 
mechanism, as will be discussed in more detail below. 
[0052] While two different types of constant force 
mechanisms have been discussed thus far, there are a 
variety of other constant force mechanisms that can be 
incorporated into a pressure adjustment unit to maintain 
a pre-set pressure on a fluid source in fluid communica- 
tion with a restriction device. Some of these constant 
force mechanisms are discussed in further detail below, 
and other constant force mechanism are known in the 
art and can be incorporated into a restriction system. 
[0053] FIG. 4A illustrates another exemplary embodi- 
ment of a constant force mechanism 340 for use in a 
pressure adjustment unit. As shown, the constant force 
mechanism 340 includes a block 344 slidably disposed 
on a sliding surface 346. In the illustrated embodiment 
the block 344 includes multiple rollers 354 located on a 
bottom surface of the block 344 and adapted to slide 
along the sliding surface 346. However, the block 344 
can havevariousotherconfigurationsthatallowthe block 
344 to slide along the sliding surface 346. As further 
shown, the block 344 has a cam surface 348 formed ther- 
eon, and a spring 350 is in contact with the cam surface 
348 of the block344. While in the illustrated embodiment 
the cam surface 348 is substantially straight, in another 
embodiment the cam surface 348 can be sloped or 
curved. The spring 350 can have various configurations, 
but in an exemplary embodiment it is configured to apply 
a downward force F s to the cam surface 348. A normal 
force F N1 can be configured to maintain the horizontal 
position of the downward force F s , for example by ap- 
plying a linear slide or other normal force-supplying ob- 
ject to the spring 350. The forces applied by the spring 
350 to the cam surface 348 result in a substantially con- 
stantforce F being applied to the block 344, as illustrated 
along the x-axis. 

[0054] A constant force mechanism like the constant 
force mechanism 340 illustrated in FIG. 4A can easily be 



incorporated into a restriction system 31 0', as illustrated 
in FIGS. 4B and 4C. In this embodiment the constant 
force mechanism 340' has a block 344' that slidably dis- 
posed on a sliding surface 346'. The block 344' has a 

5 cam surface 348' formed thereon and a cantilevered 
beam 352' is in contact with the cam surface 348' of the 
block 344'. While not necessary, the cantilevered beam 
352' can include a bearing element 350' formed on a 
terminal end thereof and configured to bear against the 

10 cam surface 348' to allow movement of the cantilevered 
beam 352' along the cam surface 348'. In this embodi- 
ment, the block 344' is configured to slide along the slid- 
ing surface 346' without the aid of rollers, although rollers 
orothersimilarsliding devices could also be used. Move- 
's ment of the block 344' can occur in response to the sub- 
stantially constant force F applied to the block 344' and 
in response to a force F F ' applied to the block 344' by a 
fluid in fluid communication with a restriction device. 
While various techniques can be used to allowfluid com- 

20 munication between the constant force mechanism 340' 
and a restriction device, in the illustrated embodiment 
the system 31 0' includes a fluid communication chamber, 
such as a fluid reservoir 370' formed in a housing 371 ' 
and in fluid communication with a restriction device 320'. 

25 A piston 372' is coupled to the block 344' and is disposed 
within the fluid reservoir 370'. The piston 372' is config- 
ured to slidably move within the reservoir as the block 
344' slidably moves along the sliding surface 3436'. 
[0055] In use, the cantilevered beam 352' defines the 

30 substantially constant pressure, which corresponds to 
the desired pre-set pressure. When the pressure of the 
fluid in the restriction device 320' drops below the pre- 
set pressure, the substantially constant force F' applied 
to the block 344' by the cantilevered beam 352' will ex- 

35 ceed the force F F ' applied to the block 344' (via the piston 
372') by the fluid, and thus the beam 352' will cause the 
block 344' to move to the right as illustrated in FIG. 4C. 
Movement of the block 344' to the right causes the piston 
372' attached thereto to also move to the right, which in 

40 turn pushes fluid from the reservoir 370' and into the re- 
striction device 320' to raise the pressure of the fluid dis- 
posed therein. When the pressure of the fluid in the re- 
striction device 320' reaches the substantially constant 
pressure, an equilibrium is reached and no further move- 

45 ment occurs. Conversely, when the pressure of the fluid 
in the restriction device 320' rises above the pre-set pres- 
sure, fluid can flow from the restriction device 320' into 
the reservoir 370' and can displace the piston 372' to the 
left as illustrated in FIG. 4B, which in turn can move the 

50 block 344' to the left until the pressure in the restriction 
device 320' lowers to a pressure that is equal to the pre- 
set pressure FIGS. 4B-4D also illustrate a mechanism 
for adjusting the pre-set pressure, which will be dis- 
cussed in more detail below. 

55 [0056] Another embodiment of a constant force mech- 
anism 340" having a spring 350" in contact with a cam 
surface 348" is illustrated in FIGS. 4E and 4F. The con- 
stant force mechanism 340" has an adjustable cantilever 
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device 344" slidably coupled to a sliding surface 346". 
The adjustable cantilever device 344" includes a canti- 
lever beam 345" having a cam surface 348" formed ther- 
eon. The cantilevered beam 345" can be fixedly, but op- 
tionally adjustably, coupled to a base 345b". The adjust- 
able cantilever device 344' can also include a spring 350" 
that is configured to apply a force to the cantilevered 
beam 345" to cause the beam 345" (with the base 
345b" coupled thereto) to move in the right and left di- 
rections. In the illustrated embodiment, the spring 350" 
is extended along an arm 346a" that extends transverse 
to the beam 345". The spring 350" includes a first end 
that is fixedly coupled to a base 346b" of the arm 
346a" and a second end that is mated to a bearing ele- 
ment 352". The bearing element 352" is movably mount- 
ed along a length of the arm 346a" and is slidably seated 
on the cam surface 348" of the beam 345". In use, the 
spring 350" applies a force to the beam 345" via the bear- 
ing element 352". This force can cause the beam 345 
and the base 346b" matedtothe beam 345" to slide along 
a sliding surface 346" on a base 346b" mated to the arm 
346'a", as shown in FIGS. 4E and 4F. As the beam 
345" slides, the bearing element 352" will move up and 
down relative to the arm 346a" due to the angled cam 
surface 348" and the force of the spring 350" acting on 
the bearing element 352". Thus, similar to the constant 
force mechanism 340 illustrated in FIG. 4A, the normal 
forces acting on the beam 345" by the adjustable canti- 
lever device 344" will result in a substantially constant 
force F". This substantially constant force F" can supply 
a substantially constant pressure, i.e., the pre-set pres- 
sure, to fluid in a restriction system. A person skilled in 
the art will appreciate thatthe embodiment of the constant 
force mechanism 340" illustrated in FIGS. 4E and 4F can 
easily be incorporated into a variety of restriction sys- 
tems, such as the restriction system 310' illustrated in 
FIGS. 4B and 4C, in much the same manner that the 
embodiment of the constant force mechanism 340 illus- 
trated in FIG. 4A is incorporated to the restriction system 
310' illustrated in FIGS. 4B and 4C as described above. 
Further, a person skilled in the art will also appreciate 
that in use, theconstantforce mechanism 340" illustrated 
in FIGS. 4E and 4F defines the pre-set pressure, and 
thus operates in much the same manner as described 
above with respect to the constant force mechanism 340 
of FIG. 4 A. 

[0057] FIG. 5 illustrates another embodiment of a pres- 
sure adjustment unit 440 having a constant force mech- 
anism disposed therein. As shown, the pressure adjust- 
ment unit 440 generally includes a chamber or housing 
442 having proximal and distal ends 442p, 442d. The 
housing 442 includes a constant force spring 446 dis- 
posed in a proximal end 442p thereof, and a piston 452 
disposed distal of and coupled to the constant force 
spring 446. In an exemplary embodiment, a portion of 
the constant force spring 446 is unwound and disposed 
along a portion of the housing 442 with a terminal end 
being fixedly attached to the housing 442. The housing 



442 can include a slot formed therein adjacent to the 
unwound portion to allow the coiled portion of the con- 
stant force spring 446 to wind and unwind relative to the 
unwound portion. This allows the coiled portion, with the 

5 piston 452 coupled thereto, to move proximally and dis- 
tally within the housing 442. Since the constant force 
spring 446 is biased to the coiled configuration, the spring 
446 will apply a distal ly directed constant force to the 
piston 452, thereby applying a constant force to a fluid 

10 reservoir 450 located distal of the piston 452 and in fluid 
communication with a restriction device, e.g., via a port 
442p formed in the housing 442. The housing 442 can 
also optionally include an inflatable bladder 448 disposed 
therein and coupled to the piston 452 for adjusting a con- 
's stant force of the constant force mechanism, as will be 
discussed in more detail below. 
[0058] In use, the constant force spring 446 defines 
the pre-set pressure. When the pressure of the fluid in a 
restriction device drops below the pre-set pressure, the 

20 constant force spring 446 winds to push the piston 452 
distally into the fluid reservoir 450 because the substan- 
tially constant pressure exceeds the decreased pressure 
of the fluid in the restriction device. As a result, fluid is 
pushed from the fluid reservoir450 through the port 442p 

25 and into to the restriction device to raise the pressure of 
the fluid disposed therein. When the pressure of the fluid 
in the restriction device reaches the substantially con- 
stant pressure, an equilibrium is achieved and no fluid 
flows between the fluid reservoir 450 and the restriction 

30 device. Conversely, when the pressure of the fluid in the 
restriction device rises above the pre-set pressure, fluid 
can flow from the restriction device through the port 442p 
and into the fluid reservoir 450. Flow of the fluid into the 
reservoir 450 moves the piston 452 proximally, thus 

35 causing the coiled portion of the constant force spring 
446 to move proximally and be further unwound. The 
pressure in the restriction device will drop until it reaches 
the pre-set pressure, at which point no fluid flows be- 
tween the reservoir 450 and the restriction device. 

40 [0059] FIG. 6 illustrates yet another embodiment of a 
pressure adjustment unit having a housing 542 with prox- 
imal and distal ends 542p, 542d and an access port 544 
formed in the distal end 542d thereof. A first fluid bladder, 
such as a first bellows 546, is disposed in the distal end 

45 542d of the housing 542 and is coupled to a spring 548. 
The spring 548 can extend between the first bellows 546 
and a second bellows 550 which can be used to adjust 
a constant force of the spring, as will be discussed in 
more detail below, or alternatively the second bellows 

50 550 can be removed and the proximal end of the spring 
548 can be coupled to the proximal end of the housing 
542. The first bellows 546 can be in fluid communication 
with the access port 544, which can be in communication 
with a restriction device. The first bellows 546 can both 

55 expand and contract based on a volume of fluid disposed 
therein (i.e., in responses to pressure changes in the re- 
striction device). The spring 548 can have various con- 
figurations, but in an exemplary embodiment the spring 



9 



17 



EP 2 074 970 A1 



18 



548 is a coil spring that is biased to an expanded position 
for applying a substantially constant force to the first bel- 
lows 546 to push fluid disposed therein from inside the 
first bellows 546, out of the access port 544, and into a 
restriction device coupled thereto. 5 
[0060] In use, the spring 548 defines the pre-set pres- 
sure. When the pressure of the fluid in the restriction de- 
vice drops below the pre-set pressure limit, the force ap- 
plied to the bellows 546 by the spring 548 will exceed the 
force applied to the bellows 546 by the fluid therein and 10 
in communication with the restriction device. Thus the 
spring 548 will expand to compress the bellows 546. This 
will cause fluid disposed therein to leave the bellows 546 
through the access port 544 and enter the restriction de- 
vice to raise the pressure of the fluid disposed therein, is 
When the pressure of the fluid in the restriction device 
reaches the pre-set pressure, an equilibrium is reached 
and no further expansion of the spring 548 and compres- 
sion of the bellows 546 occurs. Conversely, when the 
pressure of the fluid in the restriction device rises above 20 
the pre-set pressure, the bellows 546 can expand to re- 
ceive fluid from the restriction device thereby decreasing 
the pressure of fluid in the restriction device. The spring 
548 will continuously act on the bellows 546 in response 
to changes in the fluid pressure in the restriction device 25 
to maintain a substantially constant pressure, i.e., the 
pre-set pressure, in the restriction device. 
[0061] FIGS. 7A and 7B illustrate two other embodi- 
ments of pressure adjustment units 640, 640' having con- 
stant force mechanisms therein. Each pressure adjust- 30 
ment unit 640, 640' generally includes a housing orcham- 
ber 642, 642' containing a saturated fluid 646, 646' and 
a transfer mechanism for applying force to a fluid reser- 
voir in fluid communication, e.g., through an access port 
644, 644', with a restriction device. The saturated fluid 35 
646, 646' can be any number of liquids or gases, but in 
one exemplary embodiment, the saturated fluid 646, 646' 
is DuPont Dymel aerosol propellant or butane. In the em- 
bodiment illustrated in FIG. 7A, the transfer mechanism 
is a first piston 648 disposed in the chamber 642 and 40 
coupled to a second piston 650 that is disposed in a fluid 
communication chamber or reservoir 670. As a volume 
of the saturated fluid 646 in the chamber 642 increases, 
the first piston 648 moves to the right thereby moving the 
second piston 650 to the right to push a portion of the 45 
fluid out of the reservoir 670 and through the access port 
644 to increase a pressure of fluid in the restriction de- 
vice. In the embodiment illustrated in FIG. 7B, the transfer 
mechanism is a flexible bladder 671 ' disposed within the 
chamber 642' and having a fluid reservoir 670' therein 50 
and in fluid communication with a restriction device. 
[0062] In use, the saturated fluid 646, 646' defines the 
pre-set pressure. When the pressure of the fluid in the 
restriction device drops below the pre-set pressure, the 
transfer mechanism pushes fluid from the reservoir 670, 55 
670' and into the restriction device to raise the pressure 
of the fluid disposed therein. Thus, in the embodiment 
illustrated in FIG. 7A, a pressure drop of the fluid in the 



restriction device results in the substantially constant 
pressure displacing the first piston 648 to the right, which 
in turn displaces the second piston 650 disposed in the 
fluid reservoir 670 to the right to push the fluid from the 
reservoir 670 through the access port 644 and into the 
restriction device. In the embodiment illustrated in FIG. 
7B, a pressure drop of the fluid in the restriction device 
results in the substantially constant pressure compress- 
ing the bladder 671' disposed therein to push the fluid 
from the reservoir 670' through the access port 644' and 
into the restriction device. When the pressure of the fluid 
in the restriction device reaches the substantially con- 
stant pressure, an equilibrium is achieved and no fluid 
flows between the reservoir 670, 670' and the restriction 
device. Conversely, when the pressure of the fluid in the 
restriction device rises above the pre-set pressure, fluid 
can flow from the restriction device, through the access 
port 644, 644', and into the reservoir 670, 670'. Flow of 
thefluidintothe reservoir670, 670' can cause the volume 
of the reservoir 670, 670' to expand, which in turn causes 
the volume of the chamber 642, 642' containing the sat- 
urated fluid 646, 646' to contract. By allowing fluid to flow 
into the reservoir 670, 670', the pressure in the restriction 
device can drop until it reaches the pre-set pressure, at 
which point no fluid flows between the reservoir 670, 670' 
and the restriction device. 

[0063] Another embodiment of a constant force mech- 
anism 740 for use in a pressure adjustment unit is illus- 
trated in FIG. 8. As shown, the constantforce mechanism 
740 generally includes a chamber or housing 742 with 
an evacuated volume 744, also referred to as a negative 
pressure or vacuum chamber. A piston 746 is disposed 
at least partially in the housing 742, and a fluid commu- 
nication chamber, such as a reservoir 750, is coupled to 
the piston 746 and is in fluid communication with a re- 
striction device, e.g., via an access port 751 . The housing 
742 is adapted to receive a force to act on the piston 746 
and thus against the evacuated volume 744. In one em- 
bodiment, the housing 742 includes an opening 748 
therethrough that is effective to receive a substantially 
constant pressure that is independent of volume, for in- 
stance atmospheric pressure, to act on the piston 746. 
Since the evacuated volume is disposed beneath the pis- 
ton 746, the resulting force from the atmospheric pres- 
sure is provided independent of displacement of the pis- 
ton 746. Accordingly, similar to the embodiments of 
FIGS. 7Aand 7B that incorporate the saturated fluid 646, 
646', this constantforce mechanism 740 can maintain a 
substantially constant pressure, independent of volume, 
for a range of volumes. Accordingly, the resultant sub- 
stantially constant pressure can be used as the pre-set 
pressure. 

[0064] In use, the evacuated volume 744 defines the 
pre-set pressure. When the pressure of the fluid in the 
restriction device drops below the pre-set pressure, the 
piston 746 is displaced in an illustrated downward direc- 
tion to cause fluid in the reservoir 750 to flow through the 
port 751 to the restriction device. When the pressure of 
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the fluid in the restriction device reaches the substantially 
constant pressure, an equilibrium is achieved and no fluid 
flows between the reservoir 750 and the restriction de- 
vice. Conversely, when the pressure of the fluid in the 
restriction device rises above the p re-set pressure, fluid 
can flow from the restriction device and into the reservoir 
750. Flow of fluid into the reservoir 750 can cause the 
piston 746 to be displaced in the illustrated upward di- 
rection. By allowing fluid to flow into the reservoir 750, 
the pressure in the restriction device can drop until it 
reaches the pre-set pressure, at which point no fluid flows 
between the reservoir 750 and the restriction device. 
[0065] FIGS. 9A-9D illustrate additional embodiments 
of a pressure adjustment unit having a constant force 
mechanism disposedtherein. In these embodiments, the 
constant force mechanism is an osmotic pump. In the 
embodiment shown in FIG. 9A, the osmotic pump 840 
generally includes a housing 842 with a proximal end 
842p having a semi-permeable membrane 846 formed 
therein and a distal end 842d having an access port 844 
formed therein. The semi-permeable membrane 846 can 
be adaptedto allowfluidtoflowinto and out of the housing 
842 while sealing dissolved species in the fluid contained 
in the housing 842 from the outside environment. In one 
exemplary embodiment, the semi-permeable membrane 
846 is made of cellulose acetate. The housing 842 can 
further include an osmotic chamber 848 (sometimes re- 
ferred to as an osmotic engine) having an osmotic sub- 
stance, such as a salt-like solution, contained therein and 
in fluid communication with the semi-permeable mem- 
brane 846. In one exemplary embodiment, the osmotic 
substance can be disposed in the osmotic chamber 848 
prior to receiving any fluid through the semi-permeable 
membrane 846. A piston 850 can be slidably disposed 
in the housing 842 and it can be in communication with 
the osmotic chamber 848 to receive a resulting substan- 
tially constant force created by osmotic pressure, which 
can result from a difference in concentration of dissolved 
species on opposite sides of the semi-permeable mem- 
brane 846, within the osmotic chamber 848. Slidable 
movement of the piston 850 can apply the resulting sub- 
stantially constant force to a fluid 852 disposed in the 
housing 842, distal of the piston 850, to move the fluid 
852 from the housing 842 through the access port 844 
for delivery to a restriction device. Further, a biodegrad- 
able plug 854 can optionally be coupled to the semi-per- 
meable membrane 846 at the proximal end 842p for de- 
laying fluid flow through the semi-permeable membrane 
846 and/or into the osmotic chamber 848. The biode- 
gradable plug can be made of a variety of materials ca- 
pable of delaying the flow of fluid, but in one exemplary 
embodiment the plug 854 is made of polyactide or poly- 
glycolide. Further, the size and shape of the plug 854 
can vary depending on the desired delay. The osmotic 
pump 840 can also optionally be coupled to a port 870, 
which in the illustrated embodiment can be used to di- 
rectly add fluid to the system. The location of the port 870 
with respect to the osmotic pump 840 can vary, but in 



the illustrated embodiment the port 870 is located above 
the osmotic pump 840. In another embodiment, shown 
in FIG. 9B, the port 870' can be located substantially in- 
line with and proximal to the osmotic pump 840'. Like- 
5 wise, other configurations between the osmotic pump 
and the port are possible, just as other configurations of 
the components of the osmotic pump are possible. For 
example, in embodiments that incorporate the biode- 
gradable plug 854 the plug 854 can be disposed any- 
where in the osmotic pump 840 that is effective to delay 
fluid flow, for example in the housing 842 nearthe access 
port 844. 

[0066] In use, the osmotic pressure, which can be cre- 
ated by a difference in concentration of dissolved species 
on opposite sides of the semi-permeable membrane 846, 
within the osmotic chamber 848 of the osmotic pump 840 
defines the pre-set pressure. When the pressure of the 
fluid in the restriction device drops belowthe pre-set pres- 
sure, the pressure within the osmotic chamber 848 also 
drops, and fluid is driven across the semi-permeable 
membrane 846, across an osmotic potential, and into the 
osmotic chamber 848 to push the piston 850 distally to- 
ward the access port 844 because the substantially con- 
stant pressure supplied by the osmotic pump 840 ex- 
ceeds the decreased pressure ofthefluid in the restriction 
device. Actuation of the piston 850 distally can cause the 
fluid 852 disposed distal thereof to be pushed distally 
through the access port 844 and into the restriction device 
to raise the pressure of the fluid disposed therein. When 
the pressure of the fluid in the restriction device reaches 
the substantially constant pressure, an equilibrium state 
is achieved where the pressure of the restriction device 
and the osmotic chamber 848 equals the osmotic pres- 
sure, and no fluid flows between the osmotic pump 840 
and the restriction device. Conversely, when the pres- 
sure of the fluid in the restriction device rises above the 
pre-set pressure, fluid can flow from the restriction device 
through the access port 844 and into the distal end of the 
housing 842. Flow of the fluid into the distal end of the 
housing 842 can cause the piston 850 to be pushed in 
the proximal direction, and fluid within the osmotic cham- 
ber 848 can be forced through the semi-permeable mem- 
brane 846 in the proximal direction. By allowing fluid to 
flow into the housing 842, the pressure in the restriction 
device can drop until it reaches the pre-set pressure, at 
which point no fluid flows between the osmotic pump 840 
and the restriction device. In an exemplary embodiment, 
the fluid is water. 

[0067] I n another embodiment, the osmotic pump 840 
can be used to fill a restriction device, either initially or 
at some later point after implantation. More particularly, 
after the restriction device and pressure adjustment unit 
are implanted in a patient, fluid can flow through the semi- 
permeable membrane 846 and into the osmotic chamber 
848 to be reacted to create a substantially constant force 
as described above. The inclusion of the biodegradable 
plug 854, however, can be effective to delay the time it 
takes for fluid to pass from outside of the osmotic pump 
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840, through the semi-permeable membrane 846, and 
into the osmotic chamber 848. As the fluid tries to flow 
into the osmotic chamber 848, the biodegradable plug 
854 occludes such entry, but as the fluid erodes the bi- 
odegradable plug 854, 854', the fluid can slowly enter 
the osmotic chamber 848 and react as described above. 
Once the biodegradable plug 854 is substantially eroded, 
the osmotic pump 840 can operate substantially as de- 
scribed above. In an exemplary embodiment, the biode- 
gradable plug 854 can be adapted to disintegrate over a 
four week period to gradually fill the restriction device. 
[0068] FIGS. 9C and 9D illustrate another embodiment 
of an osmotic pump 840". As shown, the osmotic pump 
840" generally includes a housing 842" with a proximal 
end 842p" and a distal end 842d" having an access port 
844" formed therein and coupled to a restriction device 
820". Like the previous embodiment of the osmotic pump 
840 of FIG. 9A, the housing 842" can include an osmotic 
chamber 848", but in this embodiment the osmotic cham- 
ber 848" is disposed in the distal end 842d" of the housing 
842" and coupled to the access port 844". Consequently, 
fluid from the osmotic chamber 848" flows through the 
access port 844" and into the restriction device. A fluid 
chamber 856" and a semi-permeable membrane 
846" can also be disposed in the housing 842". As shown, 
a fluid pathway 858" can extend from the fluid chamber 
856" to the osmotic chamber 848" with the semi-perme- 
able membrane 846" being disposed in the fluid pathway 
858" and adapted to allow only fluid to flow bi-direction- 
ally from the fluid chamber 856" to the osmotic chamber 
848", thereby sealing dissolved species contained in the 
fluid of the osmotic chamber 848" from the fluid chamber 
856". Multiple gaskets 860" can be disposed on either 
side of the semi-permeable membrane 846" to provide 
further sealing between the fluid chamber 856" and the 
osmotic chamber 848". The fluid that flows from the fluid 
chamber 856" through the pathway 858" and into the os- 
motic chamber 848" can be any number of substances 
adapted to flow across an osmotic potential gradient and 
into the osmotic chamber 848", but in one embodiment 
the fluid is water. In another embodiment, the fluid cham- 
ber 856" can be a human body and the fluid 852" can be 
water derived from a bodily fluid. Thus, in such an em- 
bodiment the semi-permeable membrane 846" is ex- 
posed to the body and adapted to receive bodily fluid into 
the osmotic chamber 848". 

[0069] For manufacturing purposes, the housing 
842" can be constructed in two parts 841 ", 843", with 
the first part 841" containing the osmotic chamber 
848" and the second part 843" containing the remaining 
components of the osmotic pump 840". While the two 
parts 841 ", 843" can be coupled in a number of different 
manners, in one embodiment they are threadably con- 
nected. Further, as illustrated, by connecting the two 
parts 841 ", 843" together, a compression force can be 
exerted on the gaskets 860". This force can be accentu- 
ated by disposing a spring 862" therein that is effective 
to compress the gaskets 860" against the semi-perme- 



able membrane 846" to allow for proper sealing of the 
semi-permeable membrane. Further, to assist in main- 
taining the integrity of the fluid pathway 858", multiple o- 
rings 864" can be disposed around components such as 

5 the spring 862" and the gaskets 860" to maintain a de- 
sired location therein. Similar to the osmotic pumps 840, 
840', the osmotic pump 840" can optionally be coupled 
to a port 870", which as described in further detail below 
can be used to alterthe pre-set pressure and/or add fluid 

10 to a system 810". 

[0070] While the pressure adjustment units described 
herein are generally adapted to produce a substantially 
constant force, and further, can be configuredto regulate 
an amount of fluid flow between a reservoir and a restric- 
ts tion device based on a pre-set pressure (i.e., by main- 
taining a substantially constant pressure), it can be de- 
sirable to change the pre-set pressure of a pressure ad- 
justment unit once the pressure adjustment unit has been 
implanted. As explained above, generally the pre-set 

20 pressure can be set prior to implantation, and preferably 
it is set on a patient-by-patient basis. However, as the 
anatomy of a patient changes, it is often the case that 
the original pre-set pressure is no longer the proper pre- 
set pressure for a particular patient. In order to set a new 

25 pre-set pressure, the pressure adjustment unit can be 
removed from the patient, recalibrated, and then re-im- 
planted into the patient. However, it is preferred that such 
adjustments can occur non-invasively. Accordingly, var- 
ious methods and devices are also provided for adjusting 

30 the pre-set pressure, preferably with the system still im- 
planted. In general, a set-point adjustment mechanism 
is provided for allowing the pre-set pressure of a pressure 
adjustment unit to be changed non-invasively. A variety 
of different set-point adjustment mechanisms are de- 

35 scribed herein. A person skilled in the art will recognize 
that while some of the embodiments described are pri- 
marily applicable to a particular embodiment or pressure 
adjustment unit, other embodiments can be applied to 
most pressure adjustment units. Accordingly, a particular 

40 set-point adjustment mechanism discussed with respect 
to a particular pressure adjustment unit can also gener- 
ally be used with other pressure adjustment units. 
[0071] In one embodiment of a set-point adjustment 
mechanism 180, illustrated in FIGS. 2Aand2B, a housing 

45 1 82 is provided having an expandable member 1 84 and 
a biasing mechanism disposed therein. The expandable 
member 1 84 can have a variety of configurations, such 
as an expandable balloon or fluid bladder. This biasing 
mechanism can also have a variety of configurations, but 

50 in the illustrated embodiment the biasing mechanism is 
a nitinol spring 186 axially disposed around at least a 
portion of the expandable member 184. As described 
with respect to the nitinol spring 1 40 of FIGS. 2A and 2B, 
nitinol has particular properties that make it ideal for use 

55 in a system that applies a substantially constant force 
over a given length of a spring. Accordingly, the nitinol 
spring 1 86 can be tuned to a particular set-point adjust- 
ment pressure such that the set-point adjustment mech- 
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anism is operable to change the pre-set pressure of the 
pressure adjustment unit 1 30 from an initial pre-set pres- 
sure, defined by the pre-set pressure, to an adjusted pre- 
set pressure, defined by the combination of the pre-set 
pressure and the set-point adjustment pressure. Further, 
a septum 1 88 adapted to receive a needle or other fluid 
delivery device can be located at a proximal end 1 82p of 
the housing 1 82 and it can be positioned adjacent to the 
expandable member 1 84 such that a fluid delivery device 
passed through the septum 1 88 can deliverfluid into and 
expand the expandable member 184. In one embodi- 
ment, the septum 188 is self -sealing which can allow a 
needle to penetrate the septum 188 without leaving an 
opening in the septum 188. An exit port 190 can be lo- 
cated at a distal end 1 82d of the housing 1 82 and it can 
be configured to allow fluid to flow between the expand- 
able member 1 84 and the pressure adjustment unit 1 30. 
The pressure adjustment unit 130 can have a variety of 
different mechanisms configured to receive the fluid from 
the set-point adjustment mechanism 1 80 and thereby ad- 
just a secondary force acting on the bellows 1 36 created 
by fluid flow from the set-point adjustment mechanism 
180. For example, a piston can be located on a proximal 
end of the nitinol spring 1 40, or a piston can be mated to 
or formed on the bellows 136. 

[0072] In use, the nitinol spring 1 86, in conjunction se- 
lectively with the secondary force acting on the bellows 
1 36, defines the set-point adjustment pressure. The set- 
point adjustment pressure is the pressure at which the 
fluid from the expandable member 184 is pushed out of 
the expandable member 1 84, through the exit port 1 90, 
and into the pressure adjustment unit 130 by the sub- 
stantially constant force of the nitinol spring 186. Alter- 
natively, fluid can be pushed into the expandable mem- 
ber 184 from the pressure adjustment unit 130 to remove 
the secondary force acting on the bellows 136. To 
achieve the set-point adjustment pressure by adding fluid 
from the set-point adjustment mechanism 180 into the 
pressure adjustment unit 1 30, a fluid can be added to the 
expandable member 1 84 through the septum 1 88 to ex- 
pand the expandable member 184. In one embodiment, 
prior to receiving fluid through the septum 188, the ex- 
pandable member 184 is approximately empty and is 
thus in a deflated state. As fluid is added to the expand- 
able member 1 84, a volume of the expandable member 
1 84 increases and the expandable member 1 84 eventu- 
ally contacts the nitinol spring 186 and expands it. How- 
ever, because the spring 1 86 is made of nitinol, the force 
supplied by the spring 1 86 does not change asthe spring 
186 expands and thus the force remains a substantially 
constant force. Fluid can continue to be added to the 
expandable member 184 until the set-point adjustment 
pressure is achieved, at which point the nitinol spring 1 86 
forces the fluid from the expandable member 184, 
through the exit port 190, and into the pressure adjust- 
ment unit 130. In the illustrated embodiment, when the 
fluid enters the pressure adjustment unit 130, the sec- 
ondary force acts on the bellows 136, and in conjunction 



with the pressure created by the nitinol spring 140, cre- 
ates the adjusted pre-set pressure. Accordingly, the ad- 
dition of the fluid into the pressure adjustment unit 130 
can change the pre-set pressure from the initial pre-set 
5 pressure, i.e. the pressure created by just the nitinol 
spring 1 40, to the adjusted pre-set pressure, i.e. the pres- 
sure created by the nitinol spring 140 and the secondary 
force acting on the bellows 136. Alternatively, the fluid 
creating the secondary force acting on the bellows 136 
10 can be removed from the pressure adjustment unit 130 
into the set-point adjustment mechanism 1 80 by remov- 
ing fluid through the septum 1 88 to deflacte the expand- 
able member 184. Accordingly, the removal of the fluid 
from the pressure adjustment unit 130 can change the 
15 pre-set pressure from the adjusted pre-set pressure, i.e. 
the pressure created by the nitinol spring 140 and the 
secondary force acting on the bellows 136, to the initial 
pre-set pressure, i.e. the pressure created by just the 
nitinol spring 140. The set-point adjustment pressure of 
20 the set-point adjustment mechanism can vary from pa- 
tient to patient, and thus the amount of fluid disposed in 
the expandable member 184 prior to achieving the set- 
point adjustment pressure can also change based on the 
patient. In one embodiment however, the expandable 
25 member 1 84 can expand such that substantially all avail- 
able space in the housing 1 82 is filled by the expandable 
member 184 disposed with fluid therein. When there is 
no further room for expansion, the set-point adjustment 
pressure can be achieved and the fluid can flow from the 
30 expandable member 1 84, through the exit port 1 90, and 
into the pressure adjustment unit 130. 
[0073] I n another embodiment, as shown in FIGS. 3A- 
3C, the pre-set pressure of the pressure adjustment 
mechanism 230 can be adjusted by changing the tension 
35 of the torsion spring 250. For example, the housing 232 
can include a port 270 (FIG. 3A) coupled thereto for re- 
ceiving fluid. A connector 260 can extend between the 
port 270 and the housing 232 and it can include a plug 
254 movably disposed therein and coupled to a rotatable 
40 housing 258 that is rotatably disposed within housing 
232. For example, a string 256 or other member can ex- 
tend between the plug 254 and the housing 258. A ter- 
minal end 252 of the torsion spring 250 can be coupled 
to the rotatable housing 232. As a result, fluid added to 
45 and/or removed from the port 270 and the connector 260 
will cause corresponding movement of the plug 254, 
which in turn will cause rotation of the rotatable housing 
258. As a result, the torsion spring250 will wind or unwind 
with the housing 258, and thus the tension of the torsion 
50 spring 250 will be adjusted. 

[0074] In another embodiment, shown in FIG. 4A, the 
pre-set pressure can be adjusted by altering the substan- 
tially constant force F of the constant force mechanism. 
At least because the substantially constant force F can 
55 define the pre-set pressure, any adjustment to the con- 
stant force mechanism that contributes to creating the 
substantially constant force F can be effective to adjust 
the pre-set pressure. This is illustrated, for example, in 
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FIGS. 4Band4C. Changing the force applied to the bear- 
ing element 350' by the cantilevered beam 352' can be 
effective to change the pre-set pressure because togeth- 
er they define the pre-set pressure. As shown, a lever 
356' is slidably positioned relative to the cantilevered 
beam 352' and is conf igu red to change an effective len gth 
of the cantilevered beam 352' by sliding over a desired 
portion of the cantilevered beam 352'. Changing the ef- 
fective length of the cantilevered beam 352' can change 
a normal force applied by the cantilevered beam 352' to 
the bearing element 350', which results in a changed 
substantially constant force F\ In one embodiment, the 
lever 356' can be coupled to a slidable block 358' and 
the slidable block 358' can be coupled to a means to 
supply linear motion. In the illustrated embodiment, the 
means to supply linear motion is a fluid system in which 
the slidable block358' is disposed in afluidchamber360' 
that is configured to receive a fluid to slidably move the 
block 358' within the fluid chamber 360' to create slidable 
movement of the lever 356' attached thereto. In use, as 
fluid is added to or removed from the fluid chamber 360', 
the slidable block 358', and hence the lever 356', can 
move between a first position, illustrated in FIG. 4B, in 
which the lever 356' is spaced apart from or out of contact 
with the cantilevered beam 352', and a second position, 
illustrated in FIG. 4C, in which the lever 356' slides for- 
ward over a portion of the cantilevered beam 352' to 
shorten the effective length of the beam 352' and thereby 
increase the substantially constant force P applied by 
the beam 352'. As shown in FIG. 4C, when the lever 356' 
is advanced over the cantilevered beam 352' to change 
the substantially constant force P, the cantilevered beam 
352' is deflected thereby decreasing an effective length 
thereof and resulting in an increase to the substantially 
constant force P. 

[0075] FIG. 4D illustrates yet another embodiment of 
a constant force mechanism 340"', similarto the constant 
force mechanism 340' of FIGS. 4B and 4C, that could 
also be incorporated into a restriction system similarto 
the restriction system 310' of FIGS. 4B and 4C. In this 
embodiment, the constant force mechanism 340"' in- 
cludes a clamp mechanism 356"' for adjusting an effec- 
tive length of the cantilevered beam 352"'. The clamping 
mechanism 356"' can be slidably disposed around the 
cantilevered beam 352"' and a base 358"' coupled to one 
end of the cantilever beam 352"'. As the clamping mech- 
anism 356"' slides along the cantilevered beam 352"' 
and base 358"' toward the cam surface 348"', the beam 
352"' is pulled toward the base 358"' and as a result the 
effective length of the cantilevered beam 352"' is de- 
creased, thus decreasing the value of the substantially 
constant force F"'. 

[0076] In anotherembodiment, shown in FIGS. 4E and 
4F, the substantially constant force F" can be adjusted 
by changing the tension of the spring 350". In particular, 
a height of the beam 345" can be increased or decreased 
to alter tension on the spring 350". As illustrated, a prox- 
imal end 345p" of the cantilevered beam 345" can be 



pivotally coupled to a sidearm on the base 345b" and a 
rotational element 356" can be positioned just beneath 
the beam 345" such that rotation of the rotational element 
356" adjusts the height of the beam 345". A linkage 358" 

5 can be disposed between the rotational element 
356" and the cantilevered beam 345" to assist in trans- 
lating movement of the rotational element 356" to the 
cantilevered beam 345". In use, rotation of the rotational 
element 356" raises and lowers the cantilevered beam 

10 345" to change an angle e" of the cam surface 348" while 
simultaneously increasing or decreasing the tension of 
the spring 350" to adjust the substantially constant force 
F". As illustrated, clockwise rotation of the rotational el- 
ement 356" lowers the cantilevered beam 345" and thus 

15 the value of the substantially constant force F', and coun- 
terclockwise rotation of the rotational element 
356" raisesthe cantilevered beam 345" andthus increas- 
es the value of the substantially constant force FV 
[0077] In another embodiment, a pre-set pressure of 

20 the pressure adjustment unit 440 of FIG. 5 can be 
changed using friction. For example, the piston 452 can 
include the inflatable bladder 448 coupled thereto and in 
communication with a port 470. Adding fluid into the blad- 
der 448 via the port 40 will increase a volume of the in- 

25 flatable bladder 448. As the inflatable bladder 448 ex- 
pands against the housing 442 an amount of friction be- 
tween the inflatable bladder 448 and the housing increas- 
es. The friction affects the ability for the piston 452 to 
move, thus altering the pre-set pressure. 

30 [0078] The pressure adjustment unit 540 of FIG. 6 can 
also have its pre-set pressure adjusted. As previously 
indicated, the pressure adjustment unit 540 can include 
a second bellows 550 coupled to the proximal end of the 
spring 548. The second bellows 550 can be coupled to 

35 a second access port 552 formed in the proximal end 
542p of the housing 542. To adjust the pre-set pressure, 
fluid can be added to or removed from the second bellows 
550 to adjust a length of the spring 548 coupled thereto. 
Because the spring 548 defines the pre-set pressure, as 

40 its length changes, so does the pre-set pressure. 

[0079] Pre-setpressuresforthe embodiments illustrat- 
ed in FIGS. 7A and 7B can also be adjusted. In one ex- 
emplary embodiment, a composition of the saturated fluid 
646, 646' can be changed. In anotherembodiment acon- 

45 centration of the saturated fluid 646, 646' can be 
changed. Although not illustrated, either of these actions 
can be accomplished by connecting a portto the chamber 
642, 642' containing the saturated fluid 646, 646' is dis- 
posed such that the composition and/or concentration of 

50 the saturated fluid can be changed by adding and/or re- 
moving fluid from the chamber 642, 642'. When the com- 
position and/or concentration of the saturated fluid 646, 
646' is changed, the pre-set pressure of the pressure 
adjustment units 640, 640' can also be changed, at least 

55 because the saturated fluid 646, 646' defines the pre-set 
pressure. 

[0080] Similarly, the pre-set pressure for the embodi- 
ment illustrated in FIG. 8 can also be adjusted by chang- 
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ing a negative pressure of the evacuated volume 744, 
since the evacuated volume 744 defines the pre-set pres- 
sure. Although not illustrated, this too can be accom- 
plished by connecting a port to the chamber 742 to ac- 
cess the evacuated volume 744. 
[0081 ] The pre-set pressure of the osmotic pumps 840, 
840', and 840" of FIGS. 9A-9D can also be adjusted in 
a variety of ways, but at least because the osmotic pres- 
sure of the osmotic chamber 848, 848', 848" defines the 
pre-set pressure, changes to the concentration of dis- 
solved species in the fluid in the osmotic chamber 848, 
848', 848" will also affect the pre-set pressure. For ex- 
ample, changing the molarity of the osmotic fluid con- 
tained in the osmotic chamber 848, 848', 848"' can be 
effective to adjust the pre-set pressure. A port 870, 870', 
870" in communication with the osmotic chamber 848, 
848', 848" can be effective to change the molarity of the 
osmotic solution in a non-invasive manner. 
[0082] Yet another embodiment of a set-point adjust- 
ment mechanism 980 is illustrated in FIG. 1 0. Generally, 
each of the pressure adjustment units described herein 
include a constant force mechanism. Each of these con- 
stant force mechanisms, represented in FIG. 10 in their 
entirety by constant force mechanism 930 supply a sub- 
stantially constant force F. While many of the set-point 
adjustment mechanisms disclosed herein teach ways to 
adjust individual components of the constant force mech- 
anisms or pressure adjustment units, the set-point ad- 
justment mechanism 980 can be generally applied to 
each and every embodiment disclosed because it is ef- 
fective to adjust the resultant substantially constant force 
F once it leaves the constant force mechanism 930 and 
is communicated to another component, for example a 
fluid reservoir 970 in communication with a restriction 
device 920. A means to transfer the substantially con- 
stant force F from the constant force mechanism 930 to 
the fluid reservoir 970 can be disposed therebetween, 
and in the illustrated embodiment is a lever 982 having 
a piston 984 coupled to one end thereof and adapted to 
push fluid from the fluid reservoir 970 into the restriction 
device 920 based on the substantially constant force F 
of the constant force mechanism 930. A fulcrum 986 can 
be coupled to the lever 982 and it can be movable relative 
to the lever 982 to adjust a fulcrum point P of the lever 
982. While the fulcrum 986 can be movable in a variety 
of ways, as shown it is slidably coupled to a surface 988. 
A fluid port 990 can be in fluid communication with the 
fulcrum 986 by a transfer mechanism 992 and it can be 
adapted to cause movement of the fulcrum 986 along 
the surface 988 and relative to the lever 982 to change 
a location of the fulcrum point P. In particular, as fluid is 
added to or removed from the port 990 and delivered to 
the fluid transfer mechanism 992, a piston disposed with- 
in the fluid transfer mechanism 992 and coupled to the 
fulcrum 986 moves to thereby slide the fulcrum 986. 
Changing the location of thefulcrum point P subsequent- 
ly adjusts the mechanical advantage of the system to 
thus change the amount of the substantially constant 



force F that is actually applied to the fluid reservoir 970. 
While the optimal location forthe fulcrum point P depends 
on a number of factors, including the amount of force 
acting on each portion of the Iever982, in an embodiment 

5 where the forces acting on each side of the lever 982 are 
equal, the optimal location forthe fulcrum point P is the 
center of the lever 982. When the fulcrum point P is at 
the optimal location, the greatest amount of the substan- 
tially constant force F is transferred to the fluid reservoir 

10 970. However, because the system is not constant or 
static, the optimal location for the fulcrum point P will 
generally consistently change, which in turn means the 
fulcrum 986 should consistently be moved in order to 
maintain a desired efficiency of the system. 

15 [0083] In use, when fluid from the fluid port 990 is add- 
ed to the fulcrum 986, the fulcrum 986 moves to the left 
and the amount of the substantially constant force F that 
is transferred to the fluid reservoir 970 increases or de- 
creases, depending on the location of the optimal fulcrum 

20 point. When fluid is then removed from the fulcrum 986, 
the fulcrum 986 moves to the right, allowing the amount 
of the substantially constant force Fthat is transferred to 
the fluid reservoir 970 to increase or decrease, again 
depending on the location of the optimal fulcrum point. 

25 in practice, the optimal location for fulcrum point P will 
likely be fluid as the system is operated, and thus, fluid 
can be selectively addedto and removed from the fulcrum 
986 to achieve a desired result from a desired location. 
[0084] To the extent that any of the pressure adjust- 
so ment units, constant force mechanisms, and set-point 
adjustment mechanisms incorporate springs or other 
mechanical components that can be adjusted to provide 
different dimensions or properties (such as spring con- 
stants), a person skilled in the art will appreciate that 

35 changes to many of the properties and dimensions will 
affectthe performance of the respective pressure adjust- 
ment units, constant force mechanisms, and set-point 
adjustment mechanisms. Accordingly, even if changes 
to these types of components are not discussed above, 

40 such changes could be incorporated into many of the 
pressure adjustment units, constant force mechanisms, 
and set-point adjustment mechanisms to affect the de- 
sired performance of each. 

[0085] A person skilled in the art will appreciate that 
45 the present invention has application in conventional en- 
doscopic and open surgical instrumentation as well ap- 
plication in rob otic- assisted surgery. 
[0086] The devices disclosed herein can be designed 
to be disposed of after a single use, or they can be de- 
50 signedto be usedmultipletimes. In eithercase, however, 
the device can be reconditioned for reuse after at least 
one use. Reconditioning can include any combination of 
the steps of disassembly of the device, followed by clean- 
ing or replacement of particular pieces, and subsequent 
55 reassembly. In particular, the device can be disassem- 
bled, and any number of the particular pieces or parts of 
the device can be selectively replaced or removed in any 
combination. Upon cleaning and/or replacement of par- 
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ticular parts, the device can be reassembled for subse- 
quent use either at a reconditioning facility, or by a sur- 
gical team immediately prior to a surgical procedure. 
Those skilled in the art will appreciate that reconditioning 
of a device can utilize a variety of techniques for disas- 5 
sembly, cleaning/replacement, and reassembly. Use of 
such techniques, and the resulting reconditioned device, 
are all within the scope of the present application. 
[0087] Preferably, the invention described herein will 
be processed before surgery. First, a new or used instru- 10 
ment is obtained and if necessary cleaned. The instru- 
ment can then be sterilized. In one sterilization technique, 
the instrument is placed in aclosed and sealed container, 
such as a plastic or TYVEK bag. The container and in- 
strument are then placed in a field of radiation that can is 
penetrate the container, such as gamma radiation, x- 
rays, or high-energy electrons. The radiation kills bacteria 
on the instrument and in the container. The sterilized in- 
strument can then be stored in the sterile container. The 
sealed container keeps the instrument sterile until it is 20 
opened in the medical facility. 

[0088] It is preferred that device is sterilized. This can 
be done by any number of ways known to those skilled 
in the art including beta or gamma radiation, ethylene 
oxide, steam. 25 
[0089] One skilled in the art will appreciate further fea- 
tures and advantages of the invention based on the 
above-described embodiments. Accordingly, the inven- 
tion is not to be limited by what has been particularly 
shown and described, except as indicated by the append- 30 
ed claims. All publications and references cited herein 
are expressly incorporated herein by reference in their 
entirety. 

[0090] The following is a non-exhaustive list of embod- 
iments of the invention that may be claimed in this appli- 35 
cation or in subsequently filed divisional applications: 

Embodiment 1 : A self-regulating restriction system, 
comprising: 

40 

a restriction device for forming a restriction in a 
pathway; and 

a pressure adjustment unit in communication 
with the restriction device and effective to main- 
tain a substantially constant equilibrium pres- 45 
sure between the restriction device and the pres- 
sure adjustment unit by regulating an amount of 
fluid in the restriction device. 

Embodiment2: The system of embodiment 1 , where- 50 
in the pressure adjustment unit includes a constant 
force mechanism coupled to a fluid communication 
chamber that is in fluid communication with the re- 
striction device. 

Embodiment3: The system of embodiment2, where- 55 
in the constant force mechanism comprises a nitinol 
spring. 

Embodiments The system of embodiment2, where- 



in the constant force mechanism comprises a spring 
in contact with a cam surface. 
Embodiment 5: The system of embodiments where- 
in the spring comprises a cantilever adjustable block 
movably disposed along the cantilever beam to ad- 
just an effective length of the cantilever beam and 
thereby adjust the substantially constant pressure. 
Embodiment 6: The system of embodiment 2, where- 
in the constant force mechanism comprises a con- 
stant force spring disposed in a chamber and cou- 
pled to a piston. 

Embodiment 7: The system of embodiment 6, further 
comprising a set-point adjustment mechanism that 
includes an adjustable bladder coupled to the piston 
and configured to adjust the substantially constant 
pressure by adjusting an amount of friction generat- 
ed between the adjustable bladder and the chamber. 
Embodiment 8: The system of embodiment 2, where- 
in the constant force mechanism comprises a com- 
pression coil spring and the fluid communication 
chamber comprises an expandablefluidbladderthat 
is coupled to the compression coil spring. 
Embodiment 9: The system of embodiment 8, further 
comprising a set-point adjustment mechanism hav- 
ing an expandable bellows coupled to the compres- 
sion coil spring and configured to adjust a length of 
the compression coil spring to adjust the substan- 
tially constant pressure. 

Embodiment 10: The system of embodiment 2, 
wherein the constant force mechanism comprises a 
saturatedfluiddisposedinachamberandconfigured 
to maintain the substantially constant pressure inde- 
pendent of a volume of the chamber. 
Embodiment 1 1 : The system of embodiment 1 0, fur- 
ther comprising a set-point adjustment mechanism 
configured to change a composition of the saturated 
fluid to adjust the substantially constant pressure. 
Embodiment 12: The system of embodiment 2, 
wherein the constant force mechanism comprises a 
chamber under vacuum force. 
Embodiment 13: The system of embodiment 1 2, fur- 
ther comprising a set-point adjustment mechanism 
configured to change a pressure acting on the cham- 
ber under vacuum force to adjust the substantially 
constant pressure. 

Embodiment 14: The system of embodiment 2, 
wherein the constant force mechanism comprises 
an osmotic pump effective to maintain the substan- 
tially constant pressure. 

Embodiment 15: The system of embodiment 14, 
wherein the osmotic pump comprises: 

an actuation chamber having an osmotic fluid 
disposed therein and in fluid communication 
with the restriction device; and 
a semi-permeable membrane separating the ac- 
tuation chamber from a fluid chamber. 



16 



31 



EP 2 074 970 A1 



32 



Embodiment 16: The system of embodiment 15, 
wherein the osmotic pump further comprises a bio- 
degradable plug covering at least a portion of the 
semi-permeable membrane and configured to disin- 
tegrate over a desired period of time. 5 
Embodiment 17: The system of embodiment 14, 
wherein the osmotic pump comprises: 

a fluid chamber having fluid disposed therein; 

an actuation chamber having a piston disposed 10 

therein; and 

a semi-permeable membrane separating the flu- 
id chamber from the actuation chamber. 

Embodiment 18: The system of embodiment 1, 15 
wherein the restriction device includes afluid bladder 
capable of forming a restriction in a pathway, and 
wherein an amount of restriction corresponds to an 
amount of fluid contained in the fluid bladder. 
Embodiment 1 9: The system of embodiment 1 , fur- 20 
ther comprising a set-point adjustment mechanism 
configured to adjust the substantially constant pres- 
sure of the pressure adjustment unit. 
Embodiment 20: The system of embodiment 19, 
wherein the set-point adjustment mechanism com- 25 
prises an expandable bladderthat is inflatable to ad- 
just the substantially constant pressure, and a con- 
stant pressure spring disposed around the expand- 
able bladder. 

Embodiment 21: The system of embodiment 19, 30 
wherein the set-point adjustment mechanism com- 
prises: 

a lever configured to apply a force to the pres- 
sure adjustment unit; and 35 
an adjustable fulcrum coupled to the lever and 
movable along the lever to adjust the force ap- 
plied by the lever and thereby adjust the sub- 
stantially constant pressure. 

40 

Embodiment 22: A system for automatically adjust- 
ing a restriction device, comprising: 

afluid reservoir; 

a restriction device in fluid communication with 45 
the fluid reservoir and configured to form a re- 
striction in a pathway that corresponds to an 
amount of fluid contained within the restriction 
device; and 

a constant force mechanism coupled to the fluid 50 
reservoir and configured to apply a substantially 
constant force to the fluid reservoir to maintain 
a substantially constant pressure in the restric- 
tion device. 

55 

Embodiment 23: The system of embodiment 22, 
wherein the constant force mechanism comprises a 
constant pressure spring. 



Embodiment 24: The system of embodiment 22, 
wherein the constant force mechanism comprises a 
constant force spring disposed in a chamber and 
coupled to a piston. 

Embodiment 25: The system of embodiment 22, 
wherein the gastric restriction device includes afluid 
bladder for containing fluid therein. 
Embodiment 26: The system of embodiment 22, fur- 
ther comprising a set-point adjustment unit coupled 
to the constant force mechanism and adapted to 
change the substantially constant force applied by 
the constant force mechanism. 
Embodiment 27: The system of embodiment 26, 
wherein the set-point adjustment unit comprises an 
expandable bladder. 

Embodiment 28: A method for maintaining a restric- 
tion in a pathway, comprising: 

implanting a restriction device in a patient such 
that the restriction device forms a restriction in 
a pathway that corresponds to an amount of fluid 
contained within the restriction device, the re- 
striction device being coupled to a pressure ad- 
justment unit that applies a substantially con- 
stant force to fluid in the restriction device to 
maintain a substantially constant pressure ap- 
plied by the restriction device to the pathway. 

Embodiment 29: The method of embodiment 28, fur- 
ther comprising adjusting the substantially constant 
pressure using a set point adjustment mechanism. 
Embodiment 30: The method of embodiment 28, 
wherein the restriction device is implanted to form a 
restriction in a patient's stomach. 
Embodiment 31: The method of embodiment 28, 
wherein the flow of fluid into the restriction device 
increases an amount of restriction applied by the re- 
striction device to the pathway. 



Claims 

1 . A self-regulating restriction system, comprising: 

a restriction device for forming a restriction in a 
pathway; and 

a pressure adjustment unit in communication 
with the restriction device and effective to main- 
tain a substantially constant equilibrium pres- 
sure between the restriction device and the pres- 
sure adjustment unit by regulating an amount of 
fluid in the restriction device. 

2. The system of claim 1 , wherein the pressure adjust- 
ment unit includes a constant force mechanism cou- 
pled to a fluid communication chamberthat is in fluid 
communication with the restriction device. 
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3. The system of claim 2, wherein the constant force 
mechanism comprises a nitinol spring. 

4. The system of claim 2, wherein the constant force 
mechanism comprises a spring in contact with a cam 
surface. 

5. The system of claim 4, wherein the spring comprises 
a cantilever beam, and the system further comprises 
a set-point adjustment mechanism having an adjust- 
able block movably disposed along the cantilever 
beam to adjust an effective length of the cantilever 
beam and thereby adjust the substantially constant 
pressure. 

6. The system of claim 2, wherein the constant force 
mechanism comprises a constant force spring dis- 
posed in a chamber and coupled to a piston. 

7. The system of claim 6, further comprising a set-point 
adjustment mechanism that includes an adjustable 
bladder coupled to the piston and configured to ad- 
just the substantially constant pressure by adjusting 
an amount of friction generated between the adjust- 
able bladder and the chamber. 

8. The system of claim 2, wherein the constant force 
mechanism comprises a compression coil spring 
and the fluid communication chamber comprises an 
expandable fluid bladderthat is coupled to the com- 
pression coil spring. 

9. The system of claim 8, furthercomprising a set-point 
adjustment mechanism having an expandable bel- 
lows coupled to the compression coil spring and con- 
figured to adjust a length of the compression coil 
spring to adjust the substantially constant pressure. 

10. The system of claim 2, wherein the constant force 
mechanism comprises a saturated fluid disposed in 
a chamber and configured to maintain the substan- 
tially constant pressure independent of a volume of 
the chamber. 

11. The system of claim 10, further comprising a set- 
point adjustment mechanism configured to change 
a composition of the saturated fluid to adjust the sub- 
stantially constant pressure. 

12. The system of claim 2, wherein the constant force 
mechanism comprises a chamber under vacuum 
force. 

13. The system of claim 12, further comprising a set- 
point adjustment mechanism configured to change 
a pressure acting on the chamber under vacuum 
force to adjust the substantially constant pressure. 



14. The system of claim 2, wherein the constant force 
mechanism comprises an osmotic pump effective to 
maintain the substantially constant pressure. 

5 1 5. A system for automatically adjusting a restriction de- 
vice, comprising: 

a fluid reservoir; 

a restriction device in fluid communication with 
10 the fluid reservoir and configured to form a re- 

striction in a pathway that corresponds to an 
amount of fluid contained within the restriction 
device; and 

a constant force mechanism coupled to the fluid 
15 reservoir and configured to apply a substantially 

constant force to the fluid reservoir to maintain 
a substantially constant pressure in the restric- 
tion device. 
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FIG. 1A 
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FIG. 1C 
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FIG. 1D 
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FIG. 4A 
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FIG. 4D 
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FIG. 9A 
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